Gestational primary hyperparathyroidism (GPHPT) is a rare condition with fewer than 200 cases reported. We present the case of a 21-year-old woman who presented at 10 weeks' gestation with severe hypercalcemia. Laboratory investigation was consistent with primary hyperparathyroidism. Neck ultrasound did not reveal any parathyroid enlargement. Due to the persistence of severe hypercalcemia, she was treated with 4 weeks of cinacalcet therapy, which was poorly tolerated due to nausea and vomiting. At 14 weeks' gestation, she underwent neck exploration with right lower, left upper, and partial right upper parathyroid gland excision. Intra-and postoperative parathyroid hormone (PTH) and calcium levels remained elevated. After a thorough discussion of risks/benefits, the patient requested further treatment. A parathyroid sestamibi scan (PSS) revealed an ectopic adenoma in the left mediastinum. The adenoma was removed via video-assisted thorascopic parathyroidectomy with intraoperative PTH declining to nearly undetectable levels. She ultimately delivered a physically and developmentally normal infant at 37 weeks' gestation.
early diagnosis and appropriate management are vital strategies for avoiding obstetrical complications.
Case Presentation
A 21-year-old female (gravida 2, para 1) presented at 10 weeks' gestation with headache, intractable vomiting, and polydipsia. Laboratory investigation revealed elevated levels of serum calcium (13.5 mg/dL), ionized calcium (1.69 mmol/L), intact postoperative parathyroid hormone (PTH; 254.3 pg/mL), and 1,25-dihydroxyvitamin D (268 pg/mL), consistent with primary hyperparathyroidism. All other laboratory results were unremarkable (Table 1) . She denied any personal or family history of hypercalcemia or endocrine neoplasia. Intravenous fluid (IVF) therapy was initiated, but she continued to experience vomiting and hypercalcemia.
Ultrasound confirmed a viable intrauterine pregnancy. Aggressive IVF therapy was continued, but calcium remained elevated ( Table 2 ). She had no palpable neck mass, and neck ultrasound revealed no evidence of parathyroid enlargement. Due to the degree and persistence of hypercalcemia, we planned for neck exploration in the second trimester. As a bridge, the risks/ benefits of medical therapy were discussed and cinacalcet was started at 30 mg twice daily. Calcium levels normalized thereafter (Table 2) . Once stable, the patient was discharged home.
She continued to experience intractable vomiting leading to sporadic compliance with cinacalcet. At one stage, she was unable to tolerate cinacalcet for 2 days, which led to worsening hypercalcemia and readmission for IVF therapy (day 11 in Table 2 ).
At 14 weeks' gestation, she underwent four-dimensional computed tomography (4DCT) of the neck (with fetal shielding) with and without contrast for preoperative localization, which revealed two normal sized glands (one ;2 3 1 3 3 mm in the posterior midline and another 2 3 1 3 5 mm just cranial to the left inferior thyroid artery on the left). No candidate parathyroid adenoma in the neck or anterior mediastinum was identified. Endocrine surgery then performed bilateral neck exploration with right lower, left upper, and partial right upper parathyroid gland excision. The left lower parathyroid gland could not be identified. Intraoperative PTH levels steadily increased from 209 to 252 pg/mL over 5 hours. Histologic examination identified normal parathyroid tissue weighing 0.03 g. After extensive discussion of the risks/benefits of additional imaging and a potential second surgery, as well as the option of delaying further tests or treatment until after delivery, the patient opted for and consented to further diagnostic studies. Parathyroid sestamibi scan (PSS) identified an ectopic adenoma low in the left mediastinum [ Fig. 1 (A) and 1(B)]. The ectopic gland weighed 3.1 g and was removed via video-assisted thorascopic parathyroidectomy. Intraoperative PTH levels were not obtained, as surgery was performed on a weekend, but intact PTH levels decreased from 188.7 pg/mL on day of surgery to 1.9 pg/mL the following morning ( 
Discussion
The physiology of fetal calcium homeostasis is complex. Fetal parathyroid development occurs after the first trimester; therefore, maternal calcium status plays a fundamental role in fetal homeostasis (Fig. 2) . Maternal calcium is actively transported across the placenta into the fetal circulation. Placental PTH-related peptide easily enters the fetal circulation as well. In contrast, both maternal PTH and 1,25-dihydroxyvitamin D are prevented from transfer. Maternal 25-hydroxyvitamin D does reach the fetus, but as PTH-related peptide only minimally increases 1-a hydroxylation, its contribution to calcium regulation is limited until fetal PTH production ensues later in gestation. This regulatory pathway has clinical implications, as elevated maternal calcium levels transfer directly to the fetus in whom counter-regulatory responses (such as inhibition of PTH) are ineffective or do not exist, especially during the first trimester. Later in gestation, maternal hypercalcemia may cause fetal hypercalcemia with suppression of fetal PTH. At delivery, maternal calcium transfer ceases, which predisposes the baby to postpartum hypocalcemia.
Data regarding outcomes of GPHPT are limited to case reports or small case series. One recent study examining pregnancy outcomes in women with primary hyperparathyroidism found that most patients have only mild hypercalcemia, which is generally not associated with obstetrical complications [6] . Conversely, 67% to 80% of pregnancies with severe hypercalcemia may experience poor fetal and maternal outcomes [3] , underscoring the need for timely diagnosis and treatment. Treatment should be individually tailored by gestational age, severity of hypercalcemia, and risk-benefit analysis [7] . Treatment may be challenging, as some therapies are contraindicated (e.g., bisphosphonates) and practitioners may be reluctant to suggest surgery during pregnancy, particularly outside the second trimester [8] . Mild asymptomatic hypercalcemia may be treated conservatively. Patients with severe hypercalcemia (symptomatic and/or ionized serum concentration 5.6 to 8 mg/dL) are appropriate surgical candidates [8] . Failure of medical therapy in symptomatic patients is an indication for surgery regardless of gestational age [8] . As with most surgical procedures during pregnancy, the optimal time for intervention is during the second trimester [8] . Preoperative localization facilitates successful surgical intervention, as up to 2% of patients will have ectopic parathyroid tissue [8] . We could find no epidemiological data regarding the prevalence of MEN syndromes in GPHPT, but one case series demonstrated that two of eight patients (25%) were found to have MEN1 gene mutations [4] . Younger age at diagnosis or parathyroid gland hyperplasia on histologic examination increases the likelihood of a genetic syndrome.
This case adds to the body of evidence regarding cinacalcet and PSS during pregnancy. To our knowledge, this is only the eighth report of cinacalcet use [9] [10] [11] [12] [13] and sixth report of PSS [1, 8, 14] during gestation. Cinacalcet is a calcimimetic agent that binds the calcium-sensing receptor, ultimately leading to decreased PTH secretion [9] . Data on cinacalcet use in human There is normal uptake of sestamibi in salivary glands, heart, liver, and lactating breasts. The round spot above the heart (black arrow) is abnormal and represents the patient's ectopic parathyroid adenoma. (C) Benign hypercellular parathyroid tissue (red arrow) with adjacent thymic tissue (yellow arrow) at total magnification of 3200.
pregnancy are limited to a small number of case reports, in which no teratogenic or other adverse fetal effects were observed and all mothers remained pregnant to term and delivered healthy infants (although two infants experienced transient neonatal hypocalcemia [10, 13] and one pregnancy was terminated prior to delivery for reasons unrelated to cinacalcet use [9] ). Although it was unclear whether our patient's persistent vomiting was worsened by cinacalcet, the health of her infant reinforces these positive reports. It should be noted that our patient received cinacalcet for only 4 weeks and, due to nausea and vomiting, was only able to take~50% of prescribed doses.
Nuclear imaging during pregnancy remains controversial. Radiation risks throughout pregnancy are related to the stage of pregnancy and the absorbed dose. These risks are more substantial during organogenesis and in the early fetal period, somewhat less in the second trimester, and least in the third trimester [15] . Provided there is strong clinical justification and effort to use nonionizing radiation, pregnancy itself is not a contradiction, especially when using short-lived radionuclides [8] . The estimated fetal radiation dose from Tc-99m PSS is 2 to 4 mGy, which is well below the threshold of concern (100 to 200 mGy) for adverse fetal effects from radiation exposure [15] . Precautionary measures should include maternal hydration and frequent voiding after administration of radionuclides to avoid pooling of the radionuclide in the maternal bladder and subsequent fetal exposure. Longer imaging times may also help reduce fetal exposure [8] . All cases referenced in which PSS was used during pregnancy demonstrated no teratogenic effects. The mother also received 4DCT of the neck with fetal shielding for preoperative localization. Computed tomography examinations in areas of the body other than the abdomen and pelvis deliver minimal radiation doses to the fetus [16] . Moreover, fetal radiation doses from computed tomography examinations of the abdomen and pelvis rarely exceed 25 mGy (which would also be below the reported threshold of concern) [16] . In this case, the radiation risk to fetus was low given 4DCT of the neck was performed and fetal shielding was in place before imaging began.
Conclusion
GPHPT due to ectopic parathyroid tissue is rare, and its management can be challenging. This report adds to the literature regarding treatment of this condition, detailing the use of cinacalcet as a bridge to surgery and PSS for localization of ectopic parathyroid tissue.
